bustor has demonstrated significant reduction in the level of NO., emissions e This work' is continuing in an attempt to further reduce these levels by improvements in module design and in air-fuel scheduling. Research on the reduction of idle emissions has included the conversion of conventional duplex fuel nozzles to air-assisted nozzles and an exploration of the potential improvements possible with fuel staging and variable combustor geometry.
A major contracted effort is the Experimental Clean Combustor Program.,
The Clean Combustor Program objective is to evaluate the potential emissions reduction of a wide variety of combustor designso The program goal is a 75+ percent reduction in the level of NO^ emissions at take-off and a 50 percent reduction in the level of idle pollutants from the present day levels for large turbofan engines" This effort is planned to be con- The problems of gaseous pollutant production are reasonably well understood. The pollutants are known and the mechanism of their production is understood. In general the techniques that can be employed to reduce pollutants are universally agreed to. However, the application of these techniques to specific combustor designs that will prove to be most effective in controlling emissions have yet to be demonstrated. The NASA is attempting to solve this problem through a wide variety of research efforts conducted in-house, by contracts with aircraft engine manufacturers and by grants to universities, This paper summarizes the NASA in-house research and the Clean Combustor Program contract work that are aimed towards reduction of aircraft combustion emissions.
POLLUTANT GENERATION
The problem of controlling gas turbine pollutant generation is divided into two regions of interest. These are the pollutants generated at engine idle (low power) conditions and those generated during takeoff and high power conditions°I Attaining levels of idle combustion efficiency that may be required to meet the EPA standards will require a substantial effort. Engine operating conditions at idle result in low combustor-inlet temperatures (366 to 466 K) and pressure (typically about 2 to 4 atm). In addition, the low fuel-air ratios required at idle result in poor fuel atomization and distribution. The low volatility of commercial aircraft kerosene fuel further aggravates this problem.
High Power Pollutants
As the power level of a gas turbine engine is increased, the combustor pressure and inlet-air temperature are increased. At full power the combustion efficiency is nearly 100 percent and almost negligible levels of carbon monoxide and unburned hydrocarbons exist. Unfortunately the higher temperature and pressure levels within the combustor lead to the generation of smoke and oxides of nitrogen. The problem of smoke reduction has received a great deal of attention for many years and new engines generate little if any visible smoke. In general the smoke reduction was accomplished by reducing the fuel-air ratio in the primary zone of the combustor to avoid locally overrich pockets. This results in locally higher flame temperatures.
The trend in gas turbine engine development toward higher pressure ratio also caused increased production of oxides of nitrogen. The formation of oxides of nitrogen in combustors is relatively well understood and has been the subject of many technical reports (e.g., refs. 2 to 4). The combustor module design is shown in ifgure 2. Each module premixes fuel with air in the carburetor, swirls the mixture, stabilizes combustion in its wake, and provides interfacial mixing areas between the bypass air through the array and the hot gases in the wake of the module.
More detailed information on swirl-can combustors can be found in references 6 to 8, 
